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DETERMINATION  OP'  TEIviPERATURE  COEPFICIEKT  AlID  COEFFICIENT 
OF  RESISTIVITY  OF  COPPER,  IRON,  .\NE  ALUEINIUM. 

The  object  of  the  following  experiments  was  to  find  the 
mean  temperature  coefficient,*^  , between  the  temperatures  of 
0°  and  100°  Centigrade,  in:  the  formula 

Rt  =  Rq(1  +o(t) 
in  which  R^  is  the  resistance  of  a  conductor  at  0°  C.  and  R-^ 
at  t°  C;  also  the  mil-foot  resistance,  and  the  volume  and 
mass  resistivity  of  Various  samples  o(ff  copper,  iron  and 
aluminium. 

The  temperature  coefficient,  or ,  is  defined  to  be  the 
increase  in  resistance  of  a  conductor  per  degree  per  o>im 
resistance  at  0°  C.    The  mil~foot  resistance  of  3.  conductor 
is  the  resistance  of  a  conductor  one  foot  long  and  one 
circular  mil  in  cross  sectional  area.     The  volume  resistivity 
of  any  material  is  defined  to  be  the  resistance  of  a  cube  of 
the  material  one  centimeter  on  a  side.     The  usual  m.anner  of 
stating  this  resistivitjf'  is  in  mdchroms  per  centimeter  cube 
at  0^0.     To  determine  the  volum.e  resistivity  of  a  sample 
of  a  metal  or  alloy,  it  is  desirable  tp  pocsess  it  in  the  form 
of  a  carefully  drawn  wire  of  uniform  circular  cross  section. 
Owing  to  the  difficulty  of  ^  the  diam;eter  of  very  fine  wires, 
it  is  found  more  desirable   and  convenient  to  determ.ine  and 
define  the  resistivity  of  m.etals  and  alloys  by  the  resistance 
in  ohms  per  meter  gramme  at  0°  q,^  that  is  to  say,  by  stating 
the  ohmic  resistance  at  no  c.  of  a  wire  of  circular  cross 
section  having  a  length  of  one  meter  and  weighing  one  gramm.e. 
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This  is  known  as  the  mass  resistivity. 

The  samples  "tested  T7ere  copper,  steel  and  aliiminium  wires 

as  follows; 

Sample  1.   -^10  B.&S.  gauge,  annealed  copper  wire  obtained 

from  John  A.  Roebl inch's  Sons  Co. 

Sample  ?.   #14  B.&  S.  gauge  annealed  copper  wire. 

Sample  4.   *14  B.&  S  gauge   annealed  copper  wire. 

Sample  F  .  #14  B.a  S.  gauge  annealed  copper  wire. 

Sample  6.   :^14  B.&  S.  gauge  annealed  copper  wire. 

Sample  0.   #  8  B.&   S.  gauge  annealed  copper  wire,  obtained 
from  the  Ckanite  Cp. 

Sample  10.  #  9  B.6c  G.  gauge  annealed  copper  wire,  obtained 
from  the  American  Steel  &  Wire  Co. 

Sample  2.  #  B  B.iV.G.  steel  wire,  American  Steel  &.   Wire 
Go's  Extra  B.B. 

Sample  7.   Roebling's  ^8  B.B. 

Sample  B.   Roebling's  #8  Extra  B.B. 

The  three  samples  of  steel  were  obtained  through  the 
courtesy  of  the  Ristine  Co. 

Samples  I  and  II  of  annealed  Aluminium  about  #10  B.W.G. 
from,  the  American  Alumdnium  Co. 

The  resistances  at  various  temperatures  ranging  from  0©  to 
100°  C.  r;pEe  measured  by  means  of  the  Thompson  double  bridge. 
A  sbheme  of  the  bridge  and  the  connections  for  the  determinaticn 
of  the  resistances  is  shorm  on  an  accompanying  blue  print. 
The  principle  of  the  bridge  method  is  that  of  balancing  the 
drop  across  the  unknown  resistance  againsj;  the  drop  across  a 
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known  resistance,  so  that  all  the  resistances  of  lead  wires 
are  eliminated.     The  wire  to  be  tested  was  cut  into  samples 
twentj'--two  inches  in  length  and  a  sample  was  placed  in  the 
box  containing  the  oil  bath  for  heating  and  fastened  and  held 
straight  by  means  of  the  clamps,  AA,  (see  photograph)  which 
are  connected  to  the  series  posts  of  the  box.     The  wire 
was  then  connected  in  series  with  the  knovm  resistance,  a 
Hartmann  and  Braun  .001  ohm  standard  manganin  resistance,  and 
also  in  series  with  an  ammeter,  a  carbon  rheostat,  a  storage 
cell  and  a  switch  as  shown  in  the  scheme.    The  rheostat  was 
adjusted  so  that  a  current  of  15  amperes  flowed  through  the 
series  circuit.    The  heating  box  is  so  arranged  that  the 
knife  edges,  exactly  50  centimeters  apart,  rest  upon  the  wire 
to  be  tested,  between  the  series  posts,  so  that  the  drop  across 
50  centimeters  of  the  v/ire  is  balanced  against  the  drop  across 
the  standard  resistance.     These  kmives,  BB  , in  the  photo- 
graph, are  connected  by  large  copper  leads  to  the  pressure 
binding  posts  on  the  top  of  the  box.    These  posts  were 
connected  to  the  posts  marked,  xx  ,  on  the  bridge  and  also  the 
pressure  posts  on  the  standard  resistance  were  connected  to 
the  posts  marked,  NN  ,  on  the  bridge.     The  galvanometer 
was  also  connected  as  shown  in  the  scheme.     The  galvanometer 
used  was  a  Leeds  and  Northrop,  suspended  coil  type,  miounted  in 
a  wall  case  on  springs  so  that  the  jarring  of  the  building 
would  have  a  minimum  effect  in  deflecting  the  coil.    The 
deflection  was  read  by  means  of  a  telescope  and  scale  so  as  to 
obtain  a  maximum  accuracy  in  the  adjustment  of  the  resistances 
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on  the  bridge  for  a  balance,  the  coil  showino:  no  deflection  at 
this  point. 

To  obtain  temperatures  above  that  of  the  room,  the  oil  bath 
surrounding  the  wire  was  heated  by  an  electric  heatino-  coil. 
Readings  of  resistance  were  taken  about  every  five  degree 
increments  in  temperature  up  to  lOO'  c,  the  oil  beinc;  con- 
stantly stirred  both  by  hand  and  electric  motor.    At  each 
temperature  where  the  resistance  was  measured  the  heat  was 
partly  shut  off,  only   enough  being  left  on  to  keep  the  temp- 
erature constant,  the  amount  of  heating  current  left  on  being 
adjusted  through  a  lamp  rack.    After  the  temperature  had 
remained  constant  for  a  short  time,  the  dials  on  the  bridge 
were  adjusted,  the  two  100  plugs,  as  sho^Ti  in  the  photograph 
being  ou' ,  until  the  galvanometer  showed  no  deflection;  the 
temperature's  and  resistances  were  then  read  simultaneously 
and  recorded. 

The  temperatures  below  that  of  the  room  were  obtained  by 
running  cold  brine  through  a  coil  of  tin  piping  in  the  oil 
bath.    The  arrangement  for  running  the  brine  through  the 
coil  from  a  tank  is  shown  in  a  photograph  of  the  apparatus. 
On  account  of  the  high  congealing  point  of  the  oil  used  for 
the  high  temperatiires,  kerosene  was  substituted  for  the  low 
temperatures.     In  this  way  the  temperature  of  the  bath  was 
reduced  to  0  C.,  readings  of  resistance  being  taken  as  before. 

The  temperatures  were  read  by  means  of  two  accurate  ther- 
mometers, reading  from  0°  to  100°  c,  and  graduated  to  tenths 
of  a  degree,  placed  in  the  oil  through  the  top  of  the  heating 
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box.    The  mean  temperature  of  the  wire  for  each  reading  was 
taken  as  the  averas^e  between  the  two  thermometer  readings. 
This  mean  temperature  was  corrected  for  the  mercury  in  the  stem 
projecting  above  the  oil  in  the  box  by  means  of  the  formula 

T  =  t  -  .00014?  n  (t'-  t)     (Srr.ithsonian  Tables) 
in  which  T  is  the  corrected  temperature,  t,  the  observed  temp- 
erature, and  t,  the  mean  temperature  of  .glass   stem  and 
mercury  column;  this  temperature  was  assumed  to  be  a  little 
above  room  temperature;  n  is  the  length  of  the  mercury  column 
in  the  stem  in  scale  degrees,  this  length  being  figured  from 
the  fifteen  degree  poirat,  the  mercury  beiniT  subjected  to  the 
heat  of  the  oil  up  to  the  fifteen  degree  mark.     This  cor- 
rection amounts  to  about  nine  tenths  of  a  degree  at  100°  C. 
According  to  the  certificate  for  the  Hartrnann  and  Braun 
standard  resistance  as  tested  by  the  Bureau  of  Standards,  ste 
its  resistance  at  CO. 4°  C.  is  .0009984P  international  ohms. 
This  value  was  used  throughout  as  the  resistance  of  tne 
standard  coil.     If  M  is  the  reading  on  the  dials  of  the  brida? 
for  a  balance,  then  R,  the  resistance  of  fifty  centimeters  of 
the  wire,  is  given  by  the  equation 

R        =     N       ^^      r>  _   N   X   .00009P4'? 
.00099S4?        100  ,    °^      ^  ~  Too 

too 

when  the  two. plugs  are  out. 

Curves  were  platted  as  shovm  on  sheets  1  to  12   with  temp- 
erature as  abscissae  and  resistances  as  ordinates.    From  the® 
curves,  which  were  found  to  be  straight  lines,  the  everage 
temperature  coefficient  was  obtained.    The  mean  temperature 

coefficient  was  taken  as  the  average  coefficient  figured  from 
each  of  the  pointswhich  fell  on  the  curves. 
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The  nil-foot  resistance  for  each  sample  was  found  at  C^  C. 
and  at  one  or  two  other  temperatures  at  which  the  resistance 
fell  on  the  resistance-temperature  curve.    Prom  these  points 
straight  line  curves  were  drawn  which  show  the  relation  of 
mil-root  resistance  to  temperature.     In  the  same  way 
straight  line  curves  were  drawn  which  show  the  relation  of  the 
mass  and  volume  resistivity  to  temperature.     The  nil-foot 
temperature-resistance  curves  are  shovTn  on  sheets  13  to  ?.2   and 
those  for  the  mass  and  volume  resistivitj;-  on  sheets  23  to  32, 

The  mass  rsistivity  in  ohms  per  meter  gramme  at  0°  G.  was 
found  from  the  formula 

l^~ 
in  which/-'  =  mass  resistivity,  M  =  mass  i'lu-Ljla  11  vi  ty  of  fifty 

centimeters  of  sample  in  grammes,  R  =  resistance  of  sample  in 

ohms  at  0°  C.  and  1  -  the  length  of  the  wire  in  centimeters. 

The  volume  resistivity  in  raichrohms  per  cubic  centimeter  at 

0°  C.  was  found  from  the  formula 

d 

where  ^is  the  volume  resistivity  at  0*^  c.  and  d  is  the 
density. 

The  den£fcty,  d  ,  of  each  sample  was  found  by  weighing  it 
in  and  out  of  distilled  water  by  means  of  an  accurate  chemical 
balance. 

The  diameters  of  the  samples  wB^e  found  by  means  of 
microm.eter  calipers.    Measurements  were  taken  at  several 
points  along  the  wire,  twice  at  each  point,  one  reading  being 
taken  when  the  microm.eter  caliper  v/as  at  right  angles  to  the 
position  when  the  first  reading  was  taken.    The  diameter  was 


■1-Ixi:^    9ffT 


r  •}•  f" "» ,'  J*  ■'■  ;'i   r  ' 


Cv 


c\ 


^Ji 


,  vii- 


V  ■'■  R 


then  taken  as  the  average  of  all  the  readings. 

In  order  to  find  out  Avhether  the  samples  of  copper  were 
hard  drawn  or  annealed  tests  were  made  to  find  the  tensile 
strength. 

Data  were  secured  as  to  the  chemical  composition  and 
purity  of  all  the  copper  samples  except  sample  1  as  follows: 
Sample         f   Qopper         %   fin 

3  99.49  '  .5 

4  .  99,  .4." 

5  99.18  .29 
fi  90.1  .32 
0  9n.41  .31 
10                                    99.64                               .28 

In  the  above  samples  the  tin  appeared  only  as  a  coating 
which  would  not  affect  the  value  of  the  temperature  coefficient 
or  resistivity,  the  per  cent  being  so  small.     Sample  1  had 
no  such  tin  coating. 

The  average  temperature  coefficient  for  all  the^ samples  is 
. 004221, asad  the  maximum^. 004288  and  the  minim.um,  .004123.    Any 
slight  difference  in  the  purity  or  treatment  of  copper  will 
affect  its  temperature  coefficient.     The  value  for  the 
temperature  coefficient  adopted  in  the  A.I.S.E.  Standerdization 
Rules  is  .0042;  the  German  rules  adpot  .004,  while  on  the  other 
hand  the  British  Engineering  Standards  Committeeuse  .00428. 
The  value  of  the  coefficient,  ,004221,  corresponds  very 
nearly  to  that  of  the  A.I.E.E.  Standardization  Rules. 

The  variation  of  the  temperature  coefficient  for  trte  steel 
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wire  is  probably  due  to  the  different  chemical  composition 
and  treatment  of  the  samples;  however  no  data  as  to  their 
purity  were  obtainable. 

The  averaf^e  value  of  the  temperature  coefficient,  .0044f^v^, 
for  aluminium  seems  to  be  rather  fetigh  compared  to  the  value 
.00435  obtained  by  Dewar  and  Fleming  for  annealed  aluminium. 
Since  the  purer  the  metal  the  greater  the  temperature  coef- 
ficient, this  7/ould  indicate  that  the  sample  tested  was  fairly 
pure,  probably  about  09.75f  or  99.8^  pure.     It  is  also  the 
case  that  the  purer  the  matal  the  less  the  resistivit?/.    It 
has  been  determined  that  the  volume  rsistivity  at  0°  C.  in 
michrehms   per  cubic  centimeter  for  annealed  alummiumj  99.66?^ 
pure  is  2.4322.  Since  the  value  obtained  here,  i.e.  2.421,  is 
lower,  this  would  seem  to  verify  the  above  estimate  as  to  the 
t-itf^ purity  of  the  sample  of  aluminium  tested. 
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Sample   I      Aluminiiun  V.ire. 
#10   B.V.'.G. 


Tempernture 

Resistance 
of  50  cm 

0.0 

;001321 

5.4 

.0013455 

10.5 

.0013755 

17.85 

.0014255 

20.93 

.001445 

2^.?1 

.0014655 

30.85 

.0015030 

4^.77 

.001560 

46.26 

.0015925 

perature 

Resistance 

of  50  cm 

51.51 

..001623 

5^.15 

.001650 

62.22 

.0016865 

66.18 

.001705 

70.  R2 

.0017355 

76.43 

.001766 

PO .  96 

.0017905 

86.00 

.001825 

91.92 

.001856 

96.64 

.001883 

01.32 

.0019255 

_P/«me7er       .l^&OQ 


n  • 


^50a^\.        >3Vs>r<-.ie>\^. 


Sample   II      Aluir.inium  V/ire. 

#10  B.W.G. 

Temperature        Resistance 
C  of  PO  cm 

.001^185 

.001349 

.001o77P 

.00140S5 

.001455 

.0014«7 

.00149P5 

. 0015515 

. 00156"^ 

.0"'158^5 

.00ir,i65 

Diameter       J3GOQ    Inches. 


0, 

.0 

5 

.6 

10, 

.3 

14, 

.7 

20, 

.55 

?5, 

.71 

"0, 

.72 

35, 

.09 

41. 

.71 

45. 

.44 

50. 

.40 

.a-'' 


>v^\ 


e>o5^\. 
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Sample  1  Annealed  Copper  Wire. 

rl'^  R  6,  S  Gauge. 

Temperature    Resistance        Temperature  Rccistance 

C  of  ^'<^   cm  C^'  of  50  cm 

P-n.i4.  .onir40 

54.14  .001867 

58.18  .ooirnr 

62.24  .001010 

66. c4  .001955 

~0.1S  ,001067 

74.  r4  .noi9B'= 

75.1-7  .001091 

78.01  .002027 

82.87  .  00205  v5 

86.75  .002070 

00.75  .002104 

95.84  .002126 

100.85  .002:68 

Diameter    .10175  inches. 


0.0 

.001528 

17.08 

.001626 

10. 

.001630 

20.02 

.001645 

21.07 

.001651 

22.06 

.001^61 

24 .  10 

.001673 

25. 00 

.001670 

28.31 

.001^700 

50.00 

.001712 

24.10 

.001738 

28.06 

.001763 

42.18 

.001780 

46.21 

.001815 

13. 


Teir.peratu.re 
0° 

n, 

.0 

8, 

.55 

18 

.4 

IP 

.'^4 

20 

.035 

26, 

.24 

30 

.195 

74 

.41 

■7  0 

.07 

Sample   3      Ajinealed   Copper  Vire. 

4'14   B   6:   F   Gv?cte. 

Resistance  Temperature    Resistance 

of  50  cm  C^  of  50  cm 

.003928  46.50  .004716 

.004052  49.39  .004739 

.0042435  60.55  .004953 

.004230  54.3'^  .005015 

.00424"  70.73  .005119 

.004355  ''5.3'''  .90.^202 

.094446  pn.go  .005290 

.00  4514  91.32  .005469 

.004573  100.6"  .^'^'i'62^ 

Diameter    .063495  inches 


Sample  4   Annealed  Copper  V'ire 


Temperature 

Resistance 

0° 

of  FO  cm 

^.0 

.005780 

9.1"' 

.003910 

20  .or 

.004096 

2^:  .7e 

.004169 

?0 .  83 

.004252 

^5.98 

.004^^35 

•   40.1" 

,0^4400 

46  .f"^ 

.0045S4 

.004652 

mperature 

Resistance 

of  50  cm 

55.64 

.^^466P 

6  0.95 

.O04"'47 

64.39 

.004800 

70.  "5 

,004002 

7«  .  22 

.0040'^! 

80. 7  r 

.005062 

F«.G4 

.005147 

90.50 

.O05CC4 

96.28 

.005  523 

100.6] 

,003394 

Diamet'^r   .0^34'^  incnes 


Sample  5   Annealed  Coppex-  Vire. 
#14  B  &  S  Gauge, 


Temperature 
0° 

Resistance 
of  50  cm 

Temperatura 

of  59  Ci 

0.0 

.004070 

56.4:^ 

.OOFOOG 

10.2 

.0041955 

6n.8n 

.005076 

18.59 

,004^^03 

65.95 

.0051-76 

19.00 

.004^66 

70.25 

.005041 

20.65 

.004c72 

7  5.29 

.00  5^^24 

?«.3n 

.'^'^447^ 

80.64 

.09P4].p: 

30.78 

.004540 

85.88 

.00550'^ 

^-7.14 

.0046  9'^ 

91.60 

.005588 

40.97 

,oo4r'4o 

^'6.07 

.005670 

4F .  16 

.004795 

lon.ni 

.005748 

50.75 

.0040865 

Diameter    .06292  inches. 
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Sample  6   Annealed  Copner  Wire 
^-^lA   3  &  S  Gauffe. 


Temperatui'e 

Resistance 
of  5.0  cm 

Temperature 

Resistanc( 
of  50  cm 

0.0 

,004007 

45.-^1 

.0048865 

8.21 

.0^42035 

50.55 

.004984 

8.09 

.004252 

55.7^ 

.005087 

9.5^ 

.004251 

60. '71 

.O05II8 

lo.l^ 

.004255 

6  5.61 

,00'^21^ 

11. PI 

.004281 

.005345 

10.00 

.004415 

1^  .34 

.005428 

21.06 

.004433 

81.  le 

.0OP46  55 

25.74 

.004514 

85.25 

^r\r\rrp,rs 

30.17 

.004554 

90.0^ 

.005641 

37.  ^^4 

.004730 

100.  P.7 

.onrrio 

40.52 

.004790 

Diameter 

.Opc44 

inclics 

n 


Sample   0       Annealed  Copper  V<ire. 
#8  B  &  S   Gauge. 


Temperature 

Resistance 

CP 

of  5^  cm 

0.0 

.00097,3 

10.4'^ 

.001014 

17.55 

,001''^4(^ 

s-^.e^ 

.001070 

2.7. -7 -^ 

.^01002 

SO. SO 

.^01:104 

Z?..^?: 

.001124 

40.72 

.00114.'^- 

4^.07 

.00116  5 

50.2 

.OOllG*^. 

mperature 
0° 

Kesistsnce 
of  50  cm 

5F.61 

.  •'^01211 

f?  1 .  74 

.0^1230 

^^:.Z?: 

.0^1244 

71.11 

.0012^6 

7,^.74 

.^^12905 

81.65 

.001:^1? 

86  .  15 

.O^ir^r-^ 

^0  .^n 

^o^;^'^F0 

0  F,  7  '^ 

.ooi'^70 

loo.co 

.001287 

Diameter   .12726  inches. 


Sample  10   Anealec  Copper  Wire. 
*0  B  &   3  Gauee. 


iperature 

Resistance 

°o° 

of  •'^'0   cm 

0.0 

.00121«3 

4.6? 

.0012395 

9.F9 

.00126.- 

15.0^ 

.001295 

17. 6P 

.0013075 

19.8?^ 

.^01-205 

20.16 

.001322 

2c.  82 

.'^01355 

32.00 

.001" S3 

35.93 

.001403 

40.34 

.00140-7 

4^7. 2^^ 

.001464 

Temperat-'are    Resistance 

of  50  cm 

.  .0'^14915 

.001401 

.001508 

.0015325 

.0015605 

o  0 1  ■=:  0  *";  F 

.0016195 
.001633 
.001^^05 
.001687 
95  r"  .001712 

100.95         .001738 


C° 

51 

.93 

51 

.9f^ 

rr  (- 

.04 

6n 

.62 

P.  5 

.94 

70 

.16 

77 

81 

CO 

•  1.  ^> 

85 

.97 

90 

,58 

Diameter   ,11318  inches. 


Id 


Sample   ?      American  Steel   &  Wire   Go's  Extra  B.B.    «5teel   Wire, 

^H  B.Vv.G. 

Temperature    Resistance  Temperature  Resistn.nce 

'^         of  ."^O  cm  G"  of  FO  cm 

.00-^42^  r.f^.e^  .004P46 

.0035675  60.50  .004^:^:^ 

.nor'674  65.  C2  .no4''r2 

.003R90  '^1.02  .004847 

.004008   '  76.61  .0049  875 

.004055  81.36  .005081 

.004183  86.44  .005196 

.004^64  91.13  .005298 

.0045:57  95.90  .n^F4ir: 

.004440  1^^.98  .0''^'5Fri 

Diameter  .16  5^  inches. 


'    G^ 

0. 

.0 

7. 

.875 

15. 

.^^ 

20, 

.67 

27, 

.26 

30, 

.06 

36 

.56 

40 

.62 

46 

.6^ 

51 

.47 

,-£,^lW    bstC     = 


."J"'"i'^r:'oT 


SI  . 


Sample  7   Roebline:'s  B.E.  Steel  Wire, 

Tf  S  B  •  Vv  ,Cr  , 


Temperature 


00.0 

:io.4C 

19.:^4 
^6  .18 
29.91 
36.04' 

41.31 
46.35 
51.  CS 
56.Br 


Resistance 
of  5'^  cm 

.004486 

.004691 

.004099 
.0nrop6 

.005133 

.005534 
.005431 

m  ^  -'■-'•■■  •■■    '      -*- 

.005660 


nperaure 

Resistance 

•    C^ 

of   50    cm 

60.48 

.005731 

66. O-^ 

.01^5861 

7^.  "^6 

.005957 

81.  3  S 

.00^188 

85-.9G 

.006  396 

91.11 

^00^^494 

96.  3£ 

'^06  535 

1-^1.33 

^nna^i.'^^ 

76.  in 

.0-^^059 

Diam.eter 


16  55    inches. 


Sample   8     Roebling's  i^xtra  B.E. Steel   Vv'ire. 
#8   B.V,.Ct. 


Ten-iperature 

Resistance 

of  50  cm 

Temperature 

Resistance 
of  50  cm 

0.0 

.004624 

60.27 

.005834 

.004923 

ep.^^ 

n  o  p"  c"7 

19.5? 

.005008 

70.99 

.0060835 

27.56 

.0052015 

'^6.22 

.006199 

30.  F? 

.005238 

81.81 

.0^6518 

36  .32 

.005387 

86  .40 

.006421 

41.32 

.0OK471 

91.21 

.006527 

46.71 

.005581 

101.05 

.006738 

50.80 

.005659 

96.31 

.006646 

55.85 

.005756 

Diameter        .165'7    inches. 
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